The pharmaceutical and biologically active heterocyclic compounds including benzo[b] [1,5]diazepines were efficiently synthesized via three-(in situ five-) component reactions of aromatic diamines, Meldrum's acid, and isocyanide derivatives in the presence of zinc oxide nanoparticles at room temperature. ZnO nanoparticles, as an effective, mild, and reusable catalyst, significantly improved the reaction times and also the products were obtained in excellent yields. The prepared zinc oxide nanoparticles were fully characterized by EDX, XRD, BET, SEM, IR, and TEM analyses.
PUBLIC INTEREST STATEMENT
The present protocol represents a simple and remarkable method for one-pot synthesis of some benzo[b] [1, 5] diazepines via three-(in situ five-) component reaction of aromatic diamines, Meldrum's acid, and isocyanides in the presence of zinc oxide nanoparticles. Pharmaceutical and biologically active heterocyclic compounds including benzodiazepine derivatives were efficiently synthesized in excellent yields and short reaction times using ZnO NPs at room temperature. The significant features of the ZnO nanoparticles are: easy preparation, cost-effective, high stability, easy separation, low loading, and reusability of the catalyst. & Corma, 2010), clobazam 3 (anxiolytic agents) (Kruse, 1982) , and 3-carbamoyl-1,5-benzodiazepine 4 (selective CCK-B antagonists as potential anxiolyticdrugs) (Tranquillini et al., 1997) exhibit 1,5-benzodiazepin template (Figure 1 ).
The synthesis of 1,5-benzodiazepines has interested great attention and there are many reported methods for the synthesis of 1,5-benzodiazepine scaffolds. Ways for the synthesis of these compounds mainly are the reactions of 1,2-phenylenediamines with various ketones (Reddy & Sreekanth, 2003) , chalcones (Sarda, Jadhav, Kolhe, Landge, & Pawar, 2009 ), alkynes (Qian, Liu, Cui, & Xu, 2012) , 4,6-di-obenzyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-enose (Yadav, Reddy, Satheesh, Srinivasulu, & Kunwar, 2005) , and 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one (Kaoua et al., 2011) .
On the other hand, in accordance with interest in benzodiazepines synthesis, herein we report an efficient method for the preparation of a class of 1,5-benzodiazepin-2-one scaffolds including tet-
Recently, Shaabani, Rezayan, Keshipour, Sarvary, and Ng (2009) have reported a novel and efficient method for the synthesis of some tetrahydro-2,4-dioxo-1H-benzo[b] [1, 5] diazepine-3-yl-2-methylpropanamide derivatives. This method has valuable advantages such as mild reaction conditions, good yields, and no undesirable byproducts. The duration of the reported method as well as yields is not sufficiently good. So, in spite of the aforementioned advantages of this method, we decided to promote some aspects of this research including the reactivity of substrates. Therefore, we carried out the three-component reactions of 1,2-phenylenediamines, isocyanides, and Meldrum's acid using metal oxide nanoparticles as efficient catalysts.
Transition metal nanoparticles have interested great attention during the twenty-first century because of their significant properties such as high chemical activity and large surface-to-volume ratio in comparison with their bulk counter parts.
Among the various metal oxide nanoparticles, zinc oxide nanoparticles have been widely used in many chemical transformations. Recently, zinc oxide nanoparticles have been applied in solar cells (Matsubara et al., 2003) , catalysts (Huang, Fang, & Wang, 2005) , antibacterial materials (Sánchez, Peral, & Domènech, 1996) , gas sensors (Zhang et al., 2005) , luminescent materials (Zhang, Yu, & Zhang, 2002) , and in influencing the growth rate of Cicer arietinum (Pandey, Sanjay, & Yadav, 2010) . In addition, ZnO nanoparticles (ZnO NPs) were used as an efficient heterogeneous catalyst in several organic reactions such as: the Mannich reaction (MaGee, Dabiri, & Salehi, 2011) , the Knoevenagel condensation reaction (Hosseini-Sarvari, Sharghi, & Etemad, 2008) , and the synthesis of tetrahydrobenzo[b]pyrans (Bhattacharyya, Pradhan, Paul, & Das, 2012) , β-phosphono malonates (Hosseini-Sarvari & Etemad, 2008), benzimidazole (Alinezhad, Salehian, & Biparva, 2012) , β-acetamido ketones/esters (Mirjafary, Saeidian, Sadeghi, & Moghaddam, 2008) , naphtha[1,2-e]oxazinone (Dharma Rao, Kaushik, & Halve, 2012) , polyhydroquinoline (Kassaee, Masrouri, & Movahedi, 2010) , and dihydropyrano[2,3-c]chromenes (Paul, Bhattacharyya, & Das, 2011) . In agreement with the above-mentioned importance of ZnO NPs and significant importance of benzodiazepine derivatives and also in continuation of our interest in sustainable approaches for the preparation of organic compounds using nanocatalysts (Ghasemzadeh, Safaei-Ghomi, & Molaei, 2012; Ghasemzadeh, Safaei-Ghomi, & Zahedi, 2013; Mirhosseini-Eshkevari & Ghasemzadeh, 2014; , 2013a , 2013b Safaei-Ghomi, Ghasemzadeh, & Mehrabi, 2013) , herein we wish to report a convergent one-pot synthesis of tetrahydro-2,4-dioxo-1H-benzo[b] [1, 5] diazepine-3-yl-2-methylpropanamides via MCRs of 1,2-phenylenediamines, isocyanides, and Meldrum's acid in the presence of zinc oxide nanoparticles (Scheme 1).
Results and discussion
In the preliminary experiments, nanocrystalline zinc oxide was prepared and characterized by EDX, XRD, BET, SEM, IR, and TEM analyses.
The chemical composition of the prepared sample as well as its stoichiometry was determined by EDX studies. The EDX spectrum of ZnO NPs shows the presence of zinc and oxygen as the only elementary components (Figure 2(A) ).
The crystalline nature of the synthesized ZnO NPs sample was further verified by XRD. The XRD pattern of the ZnO NPs is shown in Figure 2 (B). All reflection peaks in Figure (2(B) ) can be easily indexed to pure spherical phase of ZnO with P63mc group (JCDPS No. 36-1451) . The crystallite size diameter (D) of the ZnO NPs has been calculated by Debye-Scherrer equation (D = Kλ/β cosθ), where β FWHM (full-width at half-maximum or half-width) is in radian and θ is the position of the maximum of diffraction peak, K is the so-called shape factor, which usually takes a value of about 0.9, and λ is the X-ray wavelength (1.5406 Å for Cu-Kα). Crystallite size of ZnO has been found to be 25 nm.
In addition, the specific surface area was measured by nitrogen physisorption (the BET method); the specific surface area was approximately 88 m 2 g −1 . Also, the theoretical particle size was calculated from the surface area and zinc oxide density (6.11 g cm −3 ) from the equation was 10.6 nm. In the FT-IR spectrum of ZnO NPs (Figure 3) , the band from 500 to 600 cm −1 is assigned to the stretching vibrations of (Zn-O) bond. The broad band with low intensity at 3,422 cm −1 is related to the vibration mode of (OH) group, indicating the presence of little amount of water adsorbed on the zinc oxide nanoparticles' surfaces (Ambrožič, Škapin, Žigon, & Orel, 2010; Sasidharan et al., 2011) . Figure 4 (A) shows that zinc oxide nanoparticles were obtained from anhydrous ZnCl 2 and NaOH with dimensions ranging from 25 to 30 nm under ultrasound power.
SEM of ZnO NPs
The size and morphology of zinc oxide nanoparticles were analyzed by TEM (Figure 4(B) ). The result shows that the smallest sizes of nanoparticles are obtained with a crystalline size about 30 nm, confirming the results calculated from Scherrer's formula based on the XRD pattern.
In the continuation of this research, in order to determine the optimized reaction conditions, the reaction of o-phenylenediamine, Meldrum's acid, and cyclohexyl isocyanide was selected as a model reaction and the reaction conditions were optimized on the base of solvent and catalyst and different temperatures for the preparation of benzodiazepines by Scheme 2.
Initially, we found that the reaction results are significantly depending on the nature of the solvent. Various types of solvents were used and as a result of these experiments, we discovered that the solvent has a great role in promoting the reaction. The model study was carried out several times using different solvents in the presence of zinc oxide nanoparticles.
As shown in Table 1 , the reaction efficiently proceeded in dichloromethane in comparison with other solvents such as ethanol, DMF, toluene, water, and acetonitrile.
To evaluate the best catalyst, the research continued using various catalytic systems for the synthesis of tetrahydro-2,4-dioxo-1H-benzo[b] [1, 5] diazepine-3-yl-2methylpropanamides by three-component coupling in dichloromethane at room temperature (15 mol % of each catalyst was used separately).
The results are shown in Table 2 . Clearly, ZnO NPs are superior to any of the other catalysts tested with respect to reaction time (3.5 h) and yield (93%) of the obtained product (Entry 10).
The increased catalytic activity of ZnO NPs compared to the other catalysts and also over the commercially available bulk ZnO is related to the high surface area-to-volume ratio of nanoparticles which provides an enormous driving force for diffusion.
Next, we examined the effect of amounts of zinc oxide nanoparticles on the synthesis of 1,5-benzodiazepin-2-one 4a. The reaction was performed in the presence of various quantities of ZnO NPs. The best result was obtained using 10 mol % of nanocatalyst in dichloromethane at room temperature (Table 3 , Entry 4).
The use of 10 mol % of this catalyst was enough to progress the reaction and an increase in the amount of the catalyst did not change the yield and the reaction time of the model study.
It was demonstrated that multi-component synthesis of tetrahydro-2,4-dioxo-1H-benzo[b] [1, 5] diazepine-3-yl-2-methylpropanamide derivatives could be performed using a diversity of structurally different isocyanides and diamines in the presence of zinc oxide nanoparticles (Scheme 1 and Table 4 ).
The summarized results of Table 4 show that both mono and disubstituted aromaticdiamines reacted with isocyanides to afford the corresponding 1,5-benzodiazepin-2-ones in excellent yields under optimized conditions (91−96%, Entries 1−10, Table 4 ). Although the reactions containing 4-methyl-substituted o-phenylenediamines were smoothly performed, in addition, both aliphatic and aromatic isocyanides produced corresponding benzodiazepine derivatives in excellent yields as shown in Table 4 . In this case, we observed that the best results were obtained when we used tertbutyl isocyanide as substrate in the cyclization reaction (95 and 96%, Entries 2 and 7, Table 4 ). A plausible mechanism on the basis of our experimental results together with some literature (Shaabani et al., 2009) for the synthesis of tetrahydro-2,4-dioxo-1H-benzo[b] [1, 5] diazepine-3-yl-2-methylpropanamide by ZnO NPs is shown in Scheme 3. Initially, we suppose that ZnO NPs coordinate with carbonyl groups of Meldrum's acid and accelerate the nucleophilic attack of 
Experimental

General
Chemicals were of commercial reagent grade and obtained from Merck or Fluka and used without further purification. Zinc oxide nanoparticles were prepared according to the procedure reported by Shen et al. (2006) . All products were characterized by comparison of their FT-IR and NMR spectra and physical data with those reported in the literature. All yields refer to the isolated products. Progress of reactions was followed by TLC on silica gel Polygram SILG/UV 254 plates. IR spectra were run on a Shimadzu FT-IR-8300 spectrophotometer. NMR spectra were recorded on a BrukerAvance DRX instrument (400 MHz) with DMSO-d 6 as solvent using tetramethylsilane (TMS) as an internal standard, the chemical shift values are in δ. The elemental analyses (C, H, N) were obtained from a Carlo ERBA Model EA 1108 analyzer. The mass spectra were recorded on a Joel D-30 instrument at an ionization potential of 70 eV. The N 2 adsorption/desorption analysis (BET) was performed at −196°C using an automated gas adsorption analyzer (Tristar 3000, Micromeritics). Microscopic morphology of products was visualized by SEM (LEO 1455VP). Powder X-ray diffraction (XRD) was carried out on a Philips diffractometer of X'pert Company with monochromatized Cu-Kα radiation (λ = 1.5406 Å). The compositional analysis was done by energy dispersive analysis of X-ray (EDX, Kevex, Delta Class I). TEM was performed with a Jeol JEM-2100UHR, operated at 200 kV.
Preparation of ZnO NPs
To a solution of anhydrous ZnCl 2 in deionized water, NaOH was added to maintain a pH of 12. Then, the mixture was ultrasonically irradiated for 30 min. The white as-synthesized precipitate was separated by centrifugation and washed with deionized water to remove impurities for several times and then dried at 120°C for 24 h. Finally, the formed nanoparticles were calcined at 600°C for 12 h to obtain a fine white powder.
Typical procedure for the synthesis of tetrahydro-2,4-dioxo-1H-benzo[b][1,5] diazepine-3-yl-2-methyl propanamides (4a-4j)
ZnO NPs (0.007 g, 0.1 mmol, 10 mol %) were added to a mixture of 1,2-phenylenediamines (1 mmol), Meldrum's acid (1 mmol), and isocyanide (1 mmol) in 5 mL dichloromethane. The reaction mixture was stirred for 3-4 h at room temperature. Progress of the reaction was continuously monitored by TLC. After the reaction was completed, the residue was dissolved in methanol and then centrifuged for the separation of the catalyst. The solvent was evaporated under vacuum and the solid obtained was washed several times with acetone to afford the pure benzodiazepines.
Spectral data of the new products are given below. 4, 22.3, 28.9, 29.1, 29.8, 43.4, 48.1, 52.6, 112.4, 125.3, 130.4, 167.4, 177. 8, 43.1, 48.5, 56.1, 122.2, 125.5, 131.4, 133.6, 135.8, 136.2, 140.1, 167.8, 177.2 38, H 5.67, N 11.44. Found: C 65.51, H 5.59, N 11.35 . N-n-pentyl-2-methyl-2-(7-methyl-2,4-dioxo-2,3,4,5-tetrahydro -1Hbenzo[b] [1, 5] 6, 19.8, 21.4, 22.8, 29.2, 29.7, 43.4, 48.2, 53.1, 112.4, 125.3, 126.7, 127.5, 128.4, 133.2, 167.2, 177 06, H 7.88, N 12.16. Found: C 66.18, H 7.79, N 12.04 . N-(4-methoxyphenyl)-2-methyl-2-(7-methyl-2,4-dioxo-2,3,4,5-tetrahydro-1Hbenzo[b][1,5]diazepin-3yl) propanamide (4j) White solid; m.p. 283-285°C. 1 H NMR (400 MHz, DMSO-d 6 ): δ = 1.31-1.35 (s, 6H, 2 × CH 3 ), 2.22 (s, 3H, CH 3 ), 3.45 (s, 1H, CH), 3.81 (s, 3H, OCH 3 ), 6.91-6.93 (d, 2H, J = 7.9 Hz, ArH), 7.14-7.17 (m, 3H, ArH), 7.53-7.55 (d, 2H, J = 7.9 Hz, ArH), 9.66 (bs, 1H, NH), 10.44 (bs, 2H, 2NH). 13 CNMR (100 MHz, DMSO-d 6 ): δ = 19. 9, 42.8, 43.5, 55.1, 56.7, 122.6, 123.7, 125.6, 128.4, 130.7, 131.4, 135.2, 136.5, 138.3, 142.1, 167.6, 169.9 . FT-IR (KBr): 3,448 (NH), 1,705 (C=O), 1,662 (C=O), 1,518 (C=C), 1,246 (C-O) cm −1 . MS (EI) (m/z): 381 (M + ). Anal. Calcd. for: C 21 H 23 N 3 O 4 (M r = 381.17): C 66.13, H 6.08, N 11.02. Found: C 66.24, H 5.99, N 10.93.
Catalyst recovery
After completion of the process, to study the recoverability and reusability of the catalyst, the zinc oxide nanoparticles were separated by centrifugation and then were washed three to four times with acetone and methanol and then dried at 100°C for 5 h. The separated catalyst was used several times with a slightly decreased activity as shown in Figure 5 . 
